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'Iff. itrA 



fflGHCOrraiASTBl^CK-AN]>-Tfmm:CTIRAI.N^ "^-^i^S? 
This invention desciibcs a new chiral nemaljlc display configaration to achieve '"''^3 



Hgb oontrast black-and-white display. *' 

Classical liquid ezystal displays have beea widely.used in various appliqadom. 



Severe viewiiig angle dcpeudeocc and high power consumptioa in backlight are major ' \ '''SPj, 

-i ; 1:^1 

dracwfaadca for some appUcatiana. Tl«at» has occardingLybem active iwwttch in cihiiri ■ 

•• '■■/t'Vi 

neotatie liquid erystalsia the last few decades. One.of'ttiBniaiii&acax«in.ebiralneanatic , . . /<.i.'i 

displays is that the hagj^ state asd the dak state are ^stable, Le. stable even vhea the . r li'A 

voltage is not coimcctedi ThisbistafaiHtynatuieiesultsmxzm . 

viewing. Moreover, dxiving metfaods and eleetro-^tlG lespoose of cbizal nematjc displays . .v > | 

are different &om classical liquid czyscal displays and result in no lixnitHdoa on tfao . .. . ' .1 i 

mmnuaa multiplcadag of the display, ' ^'y^^^'ii- 

There are in such di^lays two stable states, ixamely a planar state and a focal conic y V 

state. In the planar ataxe^liqiMcEj^^ . V^^ t^ 

axis of ttiB helix is pecpcndicolar to dio diqplay plane. Cizcular polaiizcd light of ^ v'^' f 

wavckngth matfihing tho pitch and handedness of the hdix is reflected by Bragg '! vi;' 
Tefleetion. This pitch of tSiebelixstnictuteaiulliea^ 



adjusted to a visible langc or invisible range of tbe spectnanii The lemaining spcctnnn ' , . ; 



passes thzou^ the chiral nematic and is iina£fected« Moxeover, for opposite dicular 
polan2ation» the entire specteum passes through On 
the other hand, in the focal conic state, the Uquid crystals jSdm 

doxnain is a sDiaU helix siructuic and tho helical axes arc hi^y tilted fiom the display 
nonnal, more or less parallel to the plane of the display. li^t is scattered (backwardly, 



'?f.'.' 
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15 311 abtixpt change in i^'^^* 
the optical rc&active iodex. Tbe fbcal conic state is kanspaiait wxQi baze^.and^ . ' 4 {<; 



po]ariy.arion of transmitted lig^ is destroyed. ^^'z:'^/^'^' 

In zoany appIicatioDS, very high mfonsatton content displays ^th good coxsixast . v; ) 

and low power CQiisttiQptionwicquired. Oiiralnemaxic displays have particolai :^ 

advantagcs'of availabili^jiivecyl^ v| 

, cossumptioxi) hig^ contrast aad very wide viewing angles. 'r\ I 

'* " • • • x't-v. 

AccQrding'to Iheixcvention there is provided. a fiaU qpectiiimblack-^s^ • :v \ ! 

reflective ctairal nematic display, comprising a chiral nematic display of controllable ' vf ^ 

planar structure and focal conic stxucture, two transparrat substrates said substrates having :J 1 - J j 

conductive electrodes, two elliptical polarizer$, said chiral nematic liquid crystal material V \ ^A^. 

being between the two transparent substrates, said liquid crystal material and said . . . ifj, 

transparent substrates betag between said polarizers, and the display further comprising an ; 



optical reflector. "^'^i^^] 



Thus using the inveation, two bistable chiral ncmadc display configurations can be^ 
utilized. Each display has a fuliqiectnim white wi They have very low 

power GonsQmption and any driving scbones suitable finr driving dnxal nematie displays ; : ,4: (n 
to planar and ibcal conio states can be applied to the display. ^'^^ 
Cfaxtal nematic displays embodying the mveatim tte heremaftcr described, by way ' P'§ 
of example, with le&cence to die accompanying drawings. ^ ' t ' 

Hgure 1 depicts the first optical configuzation'of the blacik:«and-\xduce ^>"yai 
nematic display in this inven&in; . v \ 

Figo»2dBpicts the second optical configuxalion of theblackrand-white g H r? l oi 
nonnti c display in. thb invention; ; V 
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Figure 3 shows the reflection and ttansmission properties at the planar state 
where the incoming light is of the same elliptical polarization as the chiral nemalic 
material; 

Figure 4 shows the reflection and transmission properties at the planar state 
where the incoming light is of opposite elliptical polarization as the ohxral nematic 
material; 

Figure f shows the reflecrion and transmission properties of the chiral nematic 
material at the focal conic state; 

Figure 6 shows the light paths in the first .optical configuration of a black-and- 
white chiral nematic display in this invention: 

Figure 7 shows the light palhs in the second optical configuration of a black- 
and-white chiraj nematic display in this invention. 

Referring to the drawings, in which like parts are indicated by like numb«s. 
In general, chiral nematic displays 1 are disclosed comprising essentially 1^>^n^ nw tra 
as viewed from in from or the top in the drawings, a linear polarizer 2, a quarter wave 
retardation fihn 3, front and rear transparent substtaies 4, 5 with conductive electrodes 
and a chiral nematic liquid crystal 6 sandwiched therebetween, a quarter wave 
retardation film 7. a linear polarizer 8 and a reflector 9. 

The Unear polarizer 2 and quarter wave retardation film 3 fonn an opposite 
circular polarization to the ch.iral nematic display. 

Refemog now to a first optical mode oonfiguration as illustrated in Figure 1, 
the structures of the first black-and«white chiral nematic display is by adding two 
elliptical polarizers 2, 3 and 7, 8 of opposite senses Oeft hand as well as right hand) of 
handedness and a reflector to the chiral nematic display 6. The elliptical (in 
particular, circular) polarizers are selected so as to match the polarization type (i.a. 
circular) of the chiraJ nematic reflection and transmission, A simple way of making a 
circular polarizer is to laminate a linear polarizer 2, 8 with a quarter wave xetaidadon 
fihn 3, 7 at 45". The quarter wave retardation film is preferably of wideband The 
angle between the linear polarizer sad the quarter wave i^tazdation film is adjusted 
appropriately to give either a left hand circular polarilzer 
or a right hand circular polarizer. The chiial nematic display 6 
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consists of a dbxral n e mat ic liquid crystal xnatexial layer of aoy reflecti n spectrum and any 
. seme Qbaxxd) of circular polaxization, sandwiched between the two transparent substrates 4, 
5 each with traosparcot conductive electrodes. The transpazsnt substrates 4« 5 can be of 
any transparent material not altedng^e polarizatian when light i^assing through- 
Examples of sueh transparent substrates are glass or plastic. The transparent conductive 
electrodes cm be ixidim tin oxide or tin oxide, for example^ The chiral ncmatic liquid 
crystal 6 material possesses stable planar state and focal conic state. The cfaixal nematic 
display is then sandwiched between the opposite hand eUiptical polazizera 2, 3 and 7^ 8 
where ttie front eUipdcal polaiizer is of ojiposite sense to the diiial nematie liquid cxyatal 
material and the rear elliptical xralanzcr is of the same sense as the chiral nematic liquid 
crystal xnateiiaL Moreover, the firont and rear quarto: wave retardation fil^ 
ficiagtbe respective tran^arent substrates 4, Softbe chiral xiematie display 6 so that the 
light entenng into ttieintennediate chiral nematic material fratsx above or below in the 
entire optical path is eUipticaUy polaciaed. Below the linear polarizer of the rear cUipttcal 
polaiizer, a laflBctor is placed. This is ttie first structural eonfigoratian of the blaek^and- 
whitB chiral nematic display exnbodying the invention. 

In the white **Q>r^ atalCj ebiral nemaric try^^l ^ TP«tfr**llff mTr m fiwri 

conic state. When unpolaxized li^t passes through the ficost eUiptical polarizer 2^ 3, half 
of thfl light mtenaiiy is absoihad and the ramaiTifng nsxrAi-n nr% mtn tKm <*hir?I ngmaHc 
materials. This light is depolarised by the focal come structure aod becomes linearly 
polarized with another loss in 50% intensity after passing the rear elliptical polarizer 7, 8. 
Ibis linear polan2ed light is reflected by the reflector 9 and goes through the rear elliptical 
polacizer 7, 8 again. AAer^assing ttuougjh the chiral xiemaiic material 6 ag^ 
becomes unpolaxized. This unpolarized 11^ becomes- polarized again aftet passing 
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through the fiOTtelUptiMl polarizer 2.3 The 
optical path polazized^depolamed/polaiized/rQflected/depola^ is iadepexxdeat 

of wavelezigthL and if the iscosuag light is whits, the outgoing light to the viewer is elso 
white. The intensity at the white "XJfN" state is 12.5% as the incoming light. 

In the ^flT^f "XSFF* state, the chizal nematic liquid crystal masetials aie in a planar 
state, Similar to the ''ON'' case* the U^tenteiing into ti^^ 

cixcularly polaxised (opposite sense as the chiral nematic matedal) with 50% reduotioxi in 
inxeaosity after passing through the firont polarizer. As^shown inFigura 4, this polaiized 
V ght Tmaltered and, conqailetely pasfig tfaroiigh tfap dhiial ncmatic materials. Then it is 
totally abdoxbed by Oie rear elliptieal polarizer (of opposite polarity as the fiont polarizer): 
Thezeisnoli^eoieringiotheiaitiorandadaiksW Zero li^ intensity mU he 

viewed by the viewer. 

The 9^ond optical mode configuration is illustrated in Figure 2. Tlie structure of 
the second blaclc-andp-white ehiral nematic display embodying the invention is by adding 
two elliptical polarizers Z\ 3' and 7% 8' of same sense of handedness and a reflector 9' to 
die ehiral nematic display 4, 5, 6. The sense of the elliptical polarizeis 2% 3' and 7% 8' is 
Opposite to the cbixal nematic matenal 6, Ihe dliptical (to be more precise, ciicular) 
polarizers are selected so as to match the polarization type (Le. dtcular) of the chizal 
nematic xeflectian and transnnssion. A way ofmakizigcinnilar polarizer is to laminate a 
Iinearpolaxizer2%7' with a quaiter wave retardation film 3^ 8' a^ Hio quarter wave 
retardaxion is preferably of wideband. The angle between the linear polarizer and the 
quarter wave retardation film is adjusted app i opri aiely to give either a left hand citcular 
polarizer or a right hand circular polaiizer. The chiral nematic display 6 consists of a 
diirai nematic liquid crystal material layer, of any reflection spectrum and any 
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hmri«riTH !t BB , sandwiched between two transpareat substrates with tiasspatait eonductzve 
electrodes. The transparent snbstxales can be any transpazent matexial not altering the 
polaxizaticQ when ligbt is passing through. Examples of sobh ttanspaient matPT4gie can be 
glaas orplastie. TlJe transparent coadudive electrodes can be indium 
oxide fijr example. The chiial nemalic liquid crystal ""y^crial possesses a stable planar 
state and a &cal conic state. Hxe cbiral nematic display 6 is then sandwiched between the 
elliptical polaiizas (of opposite seoae as the chixalnenulie material). Moreover, the ftont 
and tear quarter wave retardation films 3», T are £uang the traa^aicat substrate of tho 
driwl nematic digilay so that any hgto emenng inta the mtewnadjate ^^,^^1 ^«w,«ti f 
material from above and below in the Bntire optical pafli is ellipdcaUy polarized. Below 
the linear polarizer of the rear elliptical pohoizer, arcflector 9' is placed. This is the 
second smicraral configuntion of the inveotedblack-andrwhite chizal nematic display. 

In the wlnte "ON** state, the chiral neooaiic liquid crystal materials are m apian^r 
state, men w^jolarizedligfat passes through the fiootpolaiiaw, half of the int^ 
abscxbed and the zemaiiiingcircalar polarization goes into the ofairalnsmatie 
This light (of opposite sense as the chiral namaic malarial) passes through ttie cfauai 

aemaiic material, the rear polarizer, is reflected by the reflector and re-^fflciB the iw 
polarizer, the chiral nematic material and finally the front polarizer without any change in 
the polarization and intensity. This outgoiDg light is viewed by the viewer, Hieeatite 
light path is mdependent of wavelcagth and the reflected U^t is white coloured with light 
iaxeasity 50% of flie ozighial jnenwiffl g Ug^t 

In the dadc ''OFT* state, the chiral nematic Uquid crystal materials are w 
ooniestate. Sanilar to the «'ON" case, the Hafat emertog imo the rfritai nmm^n n^tf ri al ij 
oiiculflily polarized. IHia polarized light is depolarised by the focal conic chiral nematio 



•2003 15:07 FROM EDWPRD EWNS BPRKER TO 0013108205988 

7 



matoial. Thcdep laxisedUght passes fbraugh the rear polaxizer^beccnn 
its intensity is halved. This polaiized light is thesn reflected by the umrar 9' and le-entcis 
flie rear polaiizer without any change of polarization and intensity. The light will pass 
through the focal conic chiral niematic material and is depolarised agatsu This d^olaziBed 
light passes through the front polarizer again, becomes polarized and its nxtensi^ ia 
halved. The outgoing Cpolazized) lights viewed by the viewer, is ^te coloured with 
mtensity 12,5%. 

It will be understood fiom tlie foregoing thai in the embodiment of Figure 1, a first 
optieal configuration eoabodying the invention is describe a:iioblack-and-whitBcfazEal 
nematic di^lay configuration is made up by a chiial nematic display of any reflection 
spectrum and any elliptical polazizatioiL Tbe cfairal nematic material selectively reflecta 
and transmits li^ of certain elliptical (in particQlar, circular) polarizations. The angle 
between the front linear polarizer and the front quarter wave retardation film 15 optuxuscd 
so Umt linear polaxizod li^ is converted into elliptically polari2ed light corresponding to 
tbatoflfaeehizalnematiemBtBrisls, The same is also achieved &ir die rear linear polarizer 
and the rear quarter wave retardation film. The fiont elliptieally polarized li^t is adjusted 
to be ofopposite polarity to thai of the dniaiiicmaticm^ Xhe angle between the 
rear linear polarizer and rear quarter wave retardation film is sdected so that it is of the 
saroe polarity as the chiral netnatic material 

The optical bxi^ '"ON** state of the coafiguration given by Figure 1 is when the 
cfairal nematic material is in the focal conic state and the oiitLcal rt yrtr "^OFF* stale is when 
the chiral nematic material is in the planar state, 

The optical path descripiion of the first optical configuration in the case ofbright 
'*0^P' stare is now describei When incoming unpolarized li^t hits the front linear 
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polarizer Z» 3» the light is linearly poladzed and then eaters to the qxurter^sro retardation 
SlxKL The quarter wave retardation film oonveits the linear polarized light into eUipticaUy 
polanzed light havmg oppositepolarity to the chiral.n«sxiatic mntmffT Half of the light is 
absoifaed by the linear polarizer. Aftv the ftcnt quarter wave retardation ^tTw eUiptlcally 
polarized lig)xt enters to the &cal conic gbiral ncmatic and is depolarised Tliis dqpolarised 
light passes fbroughtiie rear quarter wave retardation fihn and the rear linear polarizer. 
After the rear linear polarizer, half of the light is blocked and the remaining polarization 
half booomes linear polarized. It is then reflected by the. niizror .9 and re-eatecs the rear 
linear polaxizer 7« 8 and the rear quarter wave retardation fil™ without acy intensity 
atcenoaxiosL Then it becomes ellipticaUy polarized after the rear quarter wave retardation 
£3m and r0««xxtei5 to the focal conic cldral 11603^ The elliptically polarized ligjht is then 
depolarised. This depolarised UgbtwiU be polarized after passn^ 
polarizer and the intensity is halved again. This polazized/depolariGed/polarized/ 
reflected/depolarised/lpolarized optical path ia indqiendent of the wavelengrh and the 
reflected light at the viewer consist of fiiU spectnim white azul the intensity is 12«5% of the 
original incoming light 

lathe case of dark **OPF* statOi the mechanism of the li^t through the ftont 
eUiptieal polarizer is die same as in the ^*0N*' state. BUiptlGally polarized li^ of ojiposite 
polari^ to the chiralnecaaticmateiial eaters into the internudiate diirBl nematic materiaL 
In the planar stare> this eUiptlcally polarized light will traxtsnnt ttxrough the chiral nematic 
matoiial without any change in poladzation and intenalty. This pobxized li^ will enter 
to the rear elliptical polarizer (of opposite polarity) and is then completely absorbed. No 
UgbCMdUenKT to the reflector and thereforenoUgbt escapes to t^^ This 
polarized/traasmission/absorption optical path gives a dark state and zero reflectance to 
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the viewer. The contrast of black-and-white in this first invented optical 
configuraiion is very high, and theoretically infinite contrast ratio ► 

In Figure 2, the second optical configuration of the invention is described. 
The black-and-white chiral nematic display is made up by any chiral nematio display 
of any reflection spectrum and any elliptical polarization- Chiral nematic material 
selectively reflects and transmits light of certain elliptical (in particular, circular) 
polarizations. The angle between the front linear polarizer and the front quarter wave 
retardation film is optimised so that linear polarized light is converted into ellipticaUy 
polarized light corresponding lo that of the chiral nematic materials. The same is also 
achieved for the rear linear polarizer and the rear quarter wave retardation film* The 
front and rear elHptically polarised light are adjusted to be of opposite handedness as 
the chiral nematic material. 

The optical bright "ON" state of the configuration given by Figure 2 is when 
the chiral nematic material is in the planar state and the optical dark "OFF* state is 
when the chiral nematic material is in the focal conic state. 

The optical path description in the case of bright "ON^ state is now described. 
When incoming unpolarized light hits the front linear polarizer 2, 3 the outgoing light 
is linearly polarized and then enters to the qiaarter wave retardation film 5. The 
quarter wave retardation film converts the linear polarized ligjit into elliptically 
polarized light having opposite polarity to the chiral nematic material. In the planar 
state, this ellipticaUy polarized light will transmit through the chiral nematic material 
without any change in the polarization and intensity. This polarized light will enter 
to the rear elliptical polarizer (of same polarity), and exits as linear polarized light 
which when reflected will re-enter into linear polarizer of the rear elliptical polarizer 
without intensity attenuation. This light then exits the rear elliptical polarizer and 
passes through the planar state chiral nematic material of opposite polarity and the 
front cllipiical polarizer of same polarity without any further change of polarization 
and intensity. The entire optical path is independent of wavelength and the outgoing 
light is white with intensity 50% as the original incoming light. 
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ft„„. charter wave ,e,«d«Ion fito U ,h. .«n, « U» -^N" Half of*' "8>« >' 

foci conic chir.. .«.a«o i. dcpolm.-- Th.. d.poU.r»cd Ught 

«.„„„Mhet«r,u«<=rv.«.ro.«*«io»«mand*.n«.B«»rpo..n- AUb. 

r.Lpoul,.«..ofa»U*«U.b»*.*«-U»o.hech.tfi.H«o..po.^. 

ias.l,.n reflected by a.cminor^r«nl«i».ottor«r fern P0l«tocaad^^^^^ 
quarter ,™vc re«,«on f.n. »d becom« dBpUoaU, po,„.»d. th« 
pohrix^J .IgKt r.-e„«rs .he lce.a conic cirtrl «c «rf i. *epoi«»«. Th» 
depolarized lighl is U.en polarized .B»n by the fton. pol«i»=r. Tho 
p„l.rized/depolarized/pol«i«d/rrflected/4epol.riz«l/polulzod opttod prth 

Lependen. of .he v-aveleagU. ml die ou.p»n« ligh. « vi.w« has 

12 5% M dve orieinal incoming light, reaJting ia rtie dark 

In the .hove two inv««ed optical mod. c=..fi8un«io>».pla»«-5i™*.rc and 

fc«, conic „ can««xi«, .hat i^ .on. .rea«HWnU» chW aemaUc «».r»l 
U planar and »«n« is focal conic. Differea. grey «,le» are achieved ^ d.ff«^ 
„,oa of donuins a. planar structure and focal conic suuc«ne of U.. chul 
materiaU FuU "ON" «.d «.ll "orF". diffeen. raUoa of planar ««1 fed come 
s,n>ctures can be controlled by any chir.1 »«»«ic drlviw schemes. For e^mple. 
Utese optical mod^, ar. appUcab.e in the prior ... driving .ch«»« such as ampl«d. 
modulation, puis, width modulation, 3-ph... dyn.t»io drivi.«, 5-ph«» dyn^n-c 
driving, cumulative driving, dual ftequency drivmg «.d nntUipl' "tavmg. 

Other e»nnples of suitable driving schemes are acUvc maUix. p«.s.v. matrbt. 
grey scale, cumulative 2-ph.se. unipolar wi n^Wpte seleCion driving schemes. 

Evamples of the light paths in displays embodying to i«v«,tion «. .« out .n 
Figures 6 and 7. Figure 6a and 6b show light paths in (I) to (4) in dUphiys of 
,he first optical conflguration embodying the invenSon. Ftguro 6. illustrate.*. ttj*t 
paU, for the phmar att«, further details of which are given in «» T-.1. below CTabte 

I) 
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TABLE I 



Planar State mode 



- PaUi 
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ComnwaCB 


(l> 
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UghlROB 


Wbi(o Light souicd 
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(5Q«)LH.BGB 


The LHIisbt passcs^uufibcteL 


1 




AU UBhl^oCoppofiritrnHrtiytt- 
' ciiL Thfizcfitt&Milii^fcich» 



Figure 6 illustrates the light path in stages (1) to (8) for the focal conic state> 
further details of which are given in the Table below (Table II). 



TABLE 11 



Focal Conic State ttipd§ 



Light Pub 
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(43 
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BB 


Tincar IHsladffliloinitf the llgluremflina 
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(6) 
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Tbo Ugbi becomes SH drralariy 
jToinrigrri aa it cxite tbaCP oo Ite 
XBBntar fltn aldo 


m 


(25%) DfrPoliriBorXiaB 


Scfioeiiag from Focal Conic smui 
oapoiaiteaJigltt again 


. (81 -■ 


(12^9B) XiQBvpolorted. 
RGB. 


Half of Urn light of opposiiff poiarity to 
the RH CP ia.cuL an ptasang throqgh ii\m 
liHCP: TX>9iifi|ula-iiD«arDQazuJng 
fiDmihBLPsiiia 



', . •'■„^'4''' 
. v. '.«;''';r 

->' ! <<ff.^' 
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Figures 7a and 7b illustrate the light path in displays of the second optical 
configuration cmbodyit^g the invention. Figure 7a illustrates the li^ path for the 
planar state mode, stages ( 1) to (8). Further details of the li^t path set out in the 
Table below (Table III). 



TABLEm 



Plnifiir State mode 



Ugfat 

Paih 


UehteomppaaeDt 




(1) 


(igo^) Unpoionaedliglit 

ROB 


WbiteLigbtWDiee 








(3) 


(S0%)LHROB 


Thfl LH Hffat pwggi umiffet'Trtl tfweugh tha- 


(4) 


(50ft) XJnear Folvted ROB 


ThftJLHJQshtistnowedlOim ClSinigllUmU 
tfohiiser botliUnevsa kexlta fimaltel^ 
poUrtacrsliIe of UiB fZIm 


(5) 


(50%) I4lienr poteind KC3B 


iJnear Feiadaidon of to ilgbt 201^ 


(9 




Tin llslu beeoines 141 dxvoli^ 
esdiv the CP OB Oivntadtr fflmoide 
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CSOft)LHRGB 
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m 


C50«) XJacar Polaitad ROB' 
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Figure 7b illustrates the light path of the focal Qoaic state mode stages (1) to (8). 

The light path for the focal conic state mode is set out in the steps I to 8 in the Tabic 
below (Table IV). 

TABLE IV 



Focal Conic State Mode 



Ueiit 

PSIfa 






U) 
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